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LINER EXPAfJDER 

This Invention reUtes to a constant force spring device^ and 
more particularly, to a device for expanding a oetalllc liner vherein an 
expanding die Is urged against the liner by a constant force spring device. 

Heretofore, a method and apparatus have been developed for 
inctailing an expanded metallic liner in an oil well or other conduit* 
Typically, a corrugated steel liner is inserted in a conduit vhich is to be 
lined, the greatest peripheral dimension of the liner being slichtly less 
than the inside diameter of the conduit. An expanding tool is passed 
through the liner placed in the conduit, and a first-stage expanding die 
causes a gross plastic deformation of the liner, vhich is expanded outvardly 
against the inside of the conduit. A second-stage die on the tool then 
provides an additional finer deformation of the liner to provide a smoother, 
more finished surface on the inside of the liner and to assxire more conqjlete 
contact between the conduit and the liner. In a typical design of this type 
expanding tool, the frictional drag of the first- stage die supplies the 
expanding force for the second-stage die, which expanding force is a direct 
function of the strength, or vail thiclcness, of the conduit in ^ich the 
liner is being installed. For exanq?le, in Uning oil weU casing, heavy 
wall casing may cause a veiy high frictional force which results in excessive 
pressure being required to push the expander through the liner. The 
application of the great forces required may result in rupture of the casing • 
or in breaking the installing tool. In instances vhere the internal 
diameter of the conduit is somewhat less than that anticipated, the result- 
ing forces can cause the tool to become stuck in the casing, or otherwise 
cause damage to the casing and the tool. In other designs, such as where 
a cantilever spring arrangement is en^jloyed in connection with the second- 
stage die, various difficulties are encountered in obtaining a spring 
mechanism having the desired strength la combination with the other spring 
characteristics, and with the tool dragging against the inside vaU of the 
conduit after being passed through the liner. 
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Since tools of the type mentioned above often are err.ployed la veils 
deep In the ground, it is highly preferable that a tool be used which under no 
circumstances will become stuck In the well or cause damage to the veil. Any 
such trouble occurring in a veil can result in considerable loss in time and 
great expense in making repairs. 

An object of the present invention is a device foj applying a con- 
stant force to an expanding die or other similar apparatus so that a pre- 
selected maximum force Is exerted against a work piece. Another object is an 
improved expanding tool for installing metallic liners in a conduit, which 
10 expanding tool can apply no greater than a predetermined force to the liner 
being installed in the conduit. Still another object of the Invention Is an 
economical and easily fabricated constant force spring device. A further 
object is a rugged, easy-to-operate expanding tool employing such a spring 
device. These and other objects of the invention will become apparent by 
reference to the following description of the invention. 

In accordance with the present invention there is provided a con- 
stant force spring device which comprises a body member, an elongated column 
element adjacent said body member, bearing plate members contacting the two 
ends of said column at least one of said bearing plate members being longi- 
20 tudinaliy movable in respect of the other and stop means on said body member 
to limit the deflection of said column element to prevent permanent deforma- 
tion of said column element upon the application of a compressive load 
thereto. In one embodiment of the invention, the foregoing constant force 
spring device is employed in a tool for expanding a metallic liner inside 
a conduit, said constant force spring device being positioned on sold tool 
to urge an expanding die member against the liner being installed in the 
conduit by a substantially constant force. 

My invention will be better understood by reference to the follow- 
ing description and the accompanying drawings wherein: 

Figures lA, IB and IC, taken together, constitute a partial oee- 
tional view of a preferred embodiment of a liner expanding tool according to 
the present invention; and 
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Figure 2 is a sectional view of the apparatus of Figure lA taken at 
lice 2-2; and 

Figure 3 Is a typical plot of applied Load versus Deflection for 
the constant force spring device of the Invention. 

Referring to the drawings, Figure lA Is the bottom portion of a 
liner expanding tool for use in installing a metalUc liner In a well, while 
Figure IB Illustrates the middle section of such a tool and Figure IC repre- 
sents the upper section of the tool. The expanding tool 11 Is attached to 
standard well tubing 12 by coupling 13 and, typically, nay be lowered from the 
surface through a well casing (not shown) to a point in the casing at which it 
is desired to install a metallic liner. Before inserting the tool into the 
well, an elongated vertically corrugated liner Ik fabricated from mild steel, 
or other suitable malleable material, is placed on the tool. The corrugated 
liner is secured in position by contact at Its upper end with a cyUndrical 
shoulder member 16 and, at its lower end by contact with a first-stage expand- 
ing die 17 In the form of a truncated circular cone which serves as a firsts- 
stage expanding die In the manner hereinafter described. The expanding die is 
fixedly attached to a centrally located, elongated cylindrical hollow shaft 18 
which forms a portion of the body of the tool. As shown, the expanding die 1? 
is held in place between a lower shoulder 19 and collar 21 threaded onto the 
shaft. A plurality of movable arms 22, preferably provided with outwardly 
enlarged portions 23 near the top, are disposed in the form of a cylinder 
around shaft l8. The enlarged portions of the arms 23 upon being moved out- 
wardly contact the liner to perform the final step of expanding the corrugated 
liner into a substantiaUy cyUndrical shape. The arm members 22 are pivotally 
attached to the shaft so as to be movable outwardly from the shaft by a tapered 
expanding member 2k slidably poeltloned on the shaft to serve as a second-etage 
expander. Ihe surface of the member 2lf, as shown, moves upwardly along the 
shaft to engage with the arms and move them outwardly. Advantageously, the 
inside surfaces of the arms 22 and the outside surface of expanding member A 
fonn mating flections, typically octagonal in shape. The expansion of the arm 
members is controlled by the position of the member which moves upwardly 
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until It contacts shouMer 26 provided on the ehoTt, As member 2if moves In a 
downwardly direction arms 22 fold Inwardly toward the sh&ft. The expnndlne 
anus 22 are held In place on the shaft by collar 27 and circular groove 26 
provided on the ohaft. 

The expanding tool, comprising the flrst-stage die and the second- 
stage die la drawn throu^ the liner to expand It in place in the casing. The 
flrat-etage die provides a gross deformation of the liner so that It Is 
expanded outwardly against the wall of the casing. The second-stage die then 
passes through the liner and performs the final expansion to smooth the Inner 
surface of the liner and to provide more even contact between the liner and 
the wall of the easing and effect a fluid-tight seal. 

In operation, the liner setting tool Is assembled at the surface, as 
described above, and a glass cloth saturated with a resinous material may be 
wrapped around the corrugated tube to form the liner. The assembly is lowered 
Into the well at the location at which the liner is to be set. A Uquid, such 
as oil, is then pumped under pressure down the well tubing and flovs through 
the passageway 29 provided in poUshed rod 31, through porta 32 and Into cylln. 
der 33 connected to the upper end of the shoulder 16. V^n the application of 
fluid presBure to the cylinder, the piston 3U secured to polished rod 31 moves 
upwardly in cylinder 33. As shown, rod 36 connects polished rod 31 and shaft 
18 upon which is mounted the first-stage expanding die 17. When the piston 34 
moves upwardly through the cyUnder 33 the expanding die 17 and the second- 
stage die 22 are drawn upwardly into the corrugated liner Ik and "iron out" 
the corrugations in the liner, so that the expanded liner may contact the 
inside waU of the casing In which it is being installed. Positioned on the 
shaft below the expanding member 2lf is a constant force spring member 37 which 
is employed to urge the expanding member against the e^qpandlng aims 22 with a 
substantially constant, force . The force exerted against the am members being 
substantially constant, the force transmitted through the arm members to the 
liner and to the eaaing will be substantiaUy constant so that either sticking 
of the tool in the casing or rupture of the easing is precluded. Of course, 
the force provided by the spring member is preselectwi so that the frictional 
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forces between the tool and the liner and the pressure exerted against the cas* 
Ing are maintained at predetermined safe levels. The constant force spring 
member assures that the contact pressure betveea the liner forming portion 23 
of the arms 22 Is great enough to provide the desired deformation of the cas- 
ing, while preventing damage to the casing or to the tool. 

The constant force spring member 37 is slidably mounted on the shaft 
l8 and held between the expanding element 2^* and a cylindrical lover shoulder 
member 38 forming a portion of a differential sorew element 39 which transmits 
the loading on spring member 37 to shaft member l8. The differential screw 
10 element comprises shaft member l8 on the outside of which are cut male threads 
l8a, the lover shoulder member 38 provided with female threads 38a and thimble 
member 4l provided with threads Ula and Ulb on the outside and the inside, 
respectively, to engage with threads on the shaft and the shoulder. Ihe two 
sets of threads are coarse, such as square, modified square, or Acme threads, 
to withstand very high loada and differ in pitch so that shoulder 38 Is moved 
upwardly on the shaft 18 when the shaft Is revolved relative to thimble kl» 
The shoulder 38 is secured to the shaft 18 by splines so that it can slide 
longltiidlnally, but It is not free to rotate on the shaft. Fixedly attached 
to the lover end of the thimble 1b a friction member, such as bow springs ^2, 
20 a hydraullcally actuated friction pad, or other such device for frlctlonally 
engaging vlth the Inside vail of the conduit to secure the thimble against 
rotation with respect to the shaft. Preferably, the direction of the shoulder 
member threads 38a is the same aa that of the shaft threads l6a, e.g. rl^t- 
hand threads, and the pitch, or lead, of threads l8a is slightly greater than 
that of threads 38a, with the pitch ratio being close to unity. In this 
manner, clock -vise revolution of the shaft relative to the thimble causes 
shoulder member 38 to advance upward slightly and a compression load is exerted 
upwardly on spring element 37 to cause buckling. For example, one satisfactory 
differential screv vas made up using five and one -half threads/inch square 
30 threads on a shaft approximately 1.7-lnch outside diameter and five and three- 
quarters threads/inch square threads on a shoulder approximately 2.$-inehes 
Inside diflffleter. 
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Constant force spring element 37 cottprlfies column element UJ, advan- 
tageously consisting of a plurality of elongated columns disposed around shaft 
18. Upper bearing plate member kk is In contact with the upper ends of the 
columns and Is slid ably positioned on shaft I8 to transmit the force of the 
spring longitudinally against the bottom end of expander member 2^*. Lover 
bearing plate member k6 contacts the lover ends of the columns and Is moved 
upwardly along the shaft by longitudinal movement of lower shoulder 58 as a 
result of revolving differential screw element 39. Grooves kj are provided 
In each of the bearing plates^ to form an upper race and a lower race, into 
which the ends of the columns are inserted. These grooves rooy^ shaped to 
conform with the a.iape of the column ends if desired, k cover U8 may be 
employed to exclude foreign matter from the spring mechanlam and to protect 
the spring. 

A means for limiting the deflection of the columns la required. 
Although the column element functions In a buckled condition, application of 
excessive compressive load thereto would cause total failure or rupture of the 
columns. Therefore, a pair of stops U9 and i»9a are provided for this purpose. 
As shows, the stops are rigidly coooected to the bearing plates, and, in 
effect comprise upper and lower llffliting sleeves positioned on the shaft to 
slide longitudinally thereon. The ends of the stops may mo-e toward, or away 
from, each other as the load on the spring member varies. Lower sleeve k^a. 
Is prevented from moving down by lower shoulder 36 connected to the shaft I8. 
However, the spacing between the ends is such as to limit the longitudinal 
travel of the bearing plate members as they move together to prevent permanent 
deformation of the column element 43. Various alternative means for prevent- 
ing damage to the column element may also be employed. For example, pins or 
rings mounted on the shaft may serve as stops, or the cover 48 provided with 
suitable connections may be employed for this purpose to limit longitudinal 
and/or lateral deflection of columns. 

The eolumne of the column element 43 may be eurranged around the 
shaft 18, which as shown here foxns a portion of the body of the spring 
device, with ends of the columna fitted In the races kj* The columns may be 
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ritted closely together as shown, or rcay be spaced aroun-i the race, with sepa- 
rators used between them to maintain the desired spacing. The naniber of 
columns employed will depend upon column characteristics and the materials of 
construction. For example, the slenderness rat.lo of the colu:m may be varied 
videly, and the column endi may be round, flat, flxel or hinged. The preferred 
construction is a thin, slender volumn with rounded enas, free to move within 
the races shaped to the curvatme of the column ends. Materials which may be 
satisfactorily employed for the colun;n5 are carbon and low alloy steels, 
chromium and nickel-chroralun stainless steels, various copper baae alloys, such 
10 as phosphor bronze, beryllium copper, the high nickel alloys and other similar 
materials providing satisfactory mechanical properties. Typically, the indi- 
vidual columns are of long rectangular cross-sectlon, vlth the width being 
greater than the thickness, and arranged so that the vider face of the columns 
is normal to the diameter of the shaft. Thus; with sufficient compression 
loading, the columns buckle, and bend about the axis having the least moment 
of inertia, e.g., outwardly away from the shaft 13. 

For example, a group of columns 0.l67-iach thick by O.U38-iach vide 
oy i0.626.1nches long, with the ends rounded, were fabricated from A. I. S.I 
^3^0 steel, quenched and drawn at 575 ^F. Each column was found to require a 
20 critical compression loading of 450 pounds in order to buckle the column. 

After buckling, the columns vere found to have a very flat spring characteris- 
tic, as shown in Figure 3, wherein is the critical buckling load and point 
C represents the load and deflection at which the stress in the extreme fibers 
of the column exceed the yield point of the material. Theoretically, the shaps 
of this spring characteristic curve is described by curve OA 'ABC. Actually, 
this curve is described by OASC due to friction in the system. Points A end B 
represent typical- working limits, which, of course, may be varied according to 
the application for which the spring is designed. For example, where a large 
number of flexing cycles are apt anticipated, a working stress Just below the 
36 yield point may be used, while with, a great number of flexures, the working 

stress may be held to less than the endurance limit of the material of construc- 
tion. In the above-mentioned tests, the lateral deflection was limited to 
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epproxlmately one inch, 8t which the longitudinal deflection was approximately 

0.225 iDChea. Prom zero deflection to the maximum deflection, the UjO-pouad 

loading was found to be substantially constant. 

In another test a spring device was built, aa shown, employing 20 

columns, each having a critical buckling load of 1250 pounds. The lateral 
deflection use Umlted between 0 and about 1.00 inches by apprc^iriately posi- 
tioning the stops. Upon compresslonal loading, the spring element buckled at 
substantially 25,000 pounds and from a longitudinal deflection of O.OU inches 
(buckling) to about 0.15 Inchea the load remained substantially at 25,000 
10 pounds. 

Of course, la designing a eprlag elenent ee a))ove it is advantageoua 
to obtain the greatest possible value of longltvdlnal deflection for specified 
values of lateral deflection and critical buckling load, while maintaining 
the stress level la the columns at a safe lavel. n« preferred columns, there- 
fore, are laminated, as shown la Figures IB and 2, with multiple flat members 
naklag up each colunn. 

In the operation of the above expanding tool for setting a llaer 
in well casing, the made-up tool is lowered Into the weU as mentioned above, 
with the arms 22 in the retracted position. Vbea the tool la at the desired 
level, the well tublag Is revolved. Hie frlctloa member 42 engages with the 
wall of the casing and preveats thiable kl from revolving. With several 
revolutions of the tublag, lower shoulder 38 Is mo>«d upwardly by differential 
screw 39 to buckle spring element 37 lAich has a predetexBlned critical 
buckUng load. IMS load is transmitted upwanlly against the lower end of 
expander 2k. and its tapered surface is engaged with the tapered surface on 
the inside of the arms 22 to urge the arms outwaiMly with a substantiaUy 
constant force proportional to the critical buckling load of the spring 
element. Subsegueatly, the expanding tool Is passed through the llaer to 
expand It la the easlag la the maaner described hereinbefore. 

IThe foregoing description of a preferred embodiment of ay invention 
has been given for the purpose of exempUflcatloa. It wlU be understood that 
various modifications la the details of construction will become appareat to 
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the artisan from the description, and, as such, these fall vlthin the spirit 
and scope of my Invention, 
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I CLAIM: 

1 X. A device for expanding a metallic liner inside a conduit which 

2 device comprises a shaft element, an expanding die number attached to said 

3 shaft element y said die member comprising a movable liner-forming member 
k positioned on said shaft and being radiaUly movable in respect thereof to 
3 contact said liner ^ an esqpander member slldably positioned on said shaft 

6 between said shaft and said die member to move said liner- forming member 

7 from said shaft, and a constant force spring member positioned on said shaft 

8 to contact scdd expander member and to maintain said expander member against 

9 said liner -foxning member, whereby said liner-forming mo&ber is urged against 
10 said liner by a substantially constant force. 

1 2. In a device for installing an expanded metallic liner in a 

2 conduit wherein an expanding die is moved through a liner positioned in said 

3 conduit to expand said liner: a cylindrical shaft elonent^ an expanding die 
U member attached to said shaft, said die member comprising a plurality of am 

5 members disposed around said shaft and being plvotable outwardly therefrcm to ' 

6 contact said liner, a cone member slidably positioned on said shaft between 

7 said shaft and said arm members to urge said arm members outwardly fran said 

8 shaft, and a constant force spring member positioned on said shaft to contact 

9 said cone member and to maintain said cone member in contact with said arm 
10 members, whereby said arm members are urged outwardly by a substantially 
XL constant force. 

1 3. The device of Claim 2 wherein said constant force spring member 

2 comprises a plurality of columns disposed around said shaft, a first bearing 

3 plate member and a second bearing plate member, each of said bearing plate 

k members contacting opposite ends of said columns, at least one of said bearing 

5 plate menbere being aovably positioned on said shaft and being in contact 

6 with said cone mcnbery stop means connected to said shaft to limit the axial 

7 travel of said movable bearing pUte meiDber along said shaft, and ccopression 

8 means for maintaining a lateral deflection in said columns. 
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0356 device of CUlm 3 vherein said ccnpresaloa aeens convrlees 
a differential screw connecting said spring member and said shaft. 

5. The device of aalm 3 wherein said stop means cofflprieea a 

2 slecve-llke element connected to said movable bearing plate member and 

3 Blldably positioned on said shaft and a member connected to said shaft to 
^ limit the travel of said sleeve-like element, 

1 6. !Ehe device of Claim 3 wherein said columns have a rectangular 

2 cross-section, the width being greater than the thickness, and having the 

3 wider face normal to the diameter of said ehaft. 

^ 7. A device for inetaUing an ejq^anded metallic liner in a conduit 

which comprises a cylindrical shaft element; an expanding die member mounted 
3 on said shaft, said die member comprising a pluzuUty of arm members disposed 
^ clrcumfereatiaUy around the outside of said shaft and being plvotable out- 

5 wardly therefrom to contact the liner; a conical expanding member slldably 

6 positioned on said shaft between said shaft and said ana afimbers to ui^e said 

7 arm meaibers outwardly from said shaft; a plurality of slender columns, each 

8 having a long rectangular cross-section and disposed circumferentially about 

9 said shaft; an upper bearing plate member and a lower bearing plate member, 
each slldably positioned on said shaft aoi contacting opposite ends of said 

U columns; limiting sleeves attached to each of said bearing plate nsmbers 
12 and slldably positioned on said ehaft; a shoulder meaiber on said shaft; a 
differential screw element connecting said shoulder and said shaft to apply 
a buckling load to said columns; said- shoulder being engageable with the 
limiting sleeve connected to said lower bearing plate member, whereby the 
axial travel of said bearing plate members Is limited; said column jzaembers 
transalttlng their buokllng load to said azm aemborB to urge said am nsmbers 
IB outwardly with a substantially constant force. 
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lite S.ai «Bl 

ri^i* 3 1* » tgrpicia Tlttt ««rMt« teruetlon ftar 

tto cea»WH '•«•* apMai «Mrl** ^ Umbuod. 

Sifwriu ie U« Avolav, fiput ii if Um tettoi portiDM ^' a 

mmu tM wtf w«Mjb» oT Oh tM&. opniUW KM U If iMMN« 

VttU t«MM U W ii^Hil 33 •«atf Wvl>i^# -^T ^ 

tttar MllwW* tiKaW MtterUl* 9« ^iamA « Um 9i« mmm**^ 

1« ««»aMa la joBltdiB ^ vtMtMft tt lift tyovr *ith • cjllBdiio^ 

1^ dU 17 U tte fm of « vtmant/k djwln «iA*b Manw m « f lv«V 

fixidlr Pt«*eted to ft MBtovUy loMcua, •JafrtM irlJa&tleal teUow •b«ft iS 
Aieh fM ft jortlB of «to M^tf tta tal. M ti» •vprnUac it 

4ttL«r«ik fortlcw 10 aut tl» top; «M(QMa la Mm t9m pC » artiaAar 
AMMl dMi^ 3i. f«« mlMimi par%U)M «r im mcw 0 ^*ii« 

«»Hir iiT irrr*^ " ■ •< 

itttoM to tte u«n ao M to ■owbl* a«b«Mt3j xna tto t»»n l« « u^inA 

8» of tiM M ttoa, ^yMy Itm^ %»m 

Aftft to ««■•«» «B> ooiMyflXjr. MtwugMM^i u« 

99 lotlA* Bwrtooi or tt« W M w« *to OUWW* wttrUem of cqnftlac a* 
nam mimc mbUoot* Vx4e«Ur MWis-a i* «»• «»«^oi^ "» 
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Mil) It eoDUvte •bDQiAAT a6 yxvrlAmi V* i*»rt. ^ ^ •©w l« * 

flto ■niMrtl t4Mka, oa^tli« tta riMit-rtM* Ala «■! mbMA- 
«!• dvMQ Ifciqi^ tM il«*r to U 1m piMa is tha OMii«* Vm 

mrfMv of U» XiMT tti «o vrvwUa ««h mtMt talMS W4 Hair nd 
Urn i«u vr -UM Moai ofl • rM4-u#(i poai. 

Ift cc««a»^ ttir llmr Mttta* tool !• — «t tM mfaee, w 

«iwa« csmi^tatf un» to term a» Uasr* V» U Smtt^ 

lalA tl» wU W iAOftUoB si vbUft taw Ua*v to b« Mt. A ilqiAd, Mch 

tiM t> pfvvlM U poll«b»d TOl 51, Vtrcpu#i perto ^ art into aylia- 

tor 39 noir^r-" to «te iqw soi oi t2» atamUcr )4< tb* •pyUMtSc^ or 

ns&A pTtmm to tte <*• >^ ••'^ paWah-d mi 51 

vtmo42y U QTluter JU «M, xoi 36 aoMU pttUihal nd ^i. am ih*rt 
la Kpa» flMab la mmM M nxwt-iUs* tjitf i wiln K tla 17. lO*. tt» |i»»ea >V 
BMW waM«if ttn^ «w Wlaadac » il» ^« n.>«l ca* Moad. 

•U^ 41a n «r» <m iVMi«Xy Isio ^ lUar ife m4 Uw w*" 



tmdMm af tha eailM ^ >• laaiini*, MiSoaaA m tfca 

alart MAatf »• KQaaOIac ai-^a^ * U a aowtaot Woa ayrlsf iHter 37 
!• -vloya* ta w» tta aivo^iX »*" a««lnat «• ««vtedla| » » • 
ntefaMtUlU tte f«w« aMartaa ««UArt tha ti* ot^^ Wing 

•tftatwtlaUy aotetaav tte Itarea trtiMMrt*!^ Uiroi^ «fca a» Mfetr* la 
Unr ^ to ii» auiaa nli to atAwtaMialiy- •—•t«* «« u»t aittm tUtfrta* 
ce Ite ioal «a tto <iMla« ar «wtm otf Ite cai4iA a« F^aolaOaa. pr aawaa. 
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/ore** bttWMO tho tool >>« V» Usw aad ^ yrtMm mmar%mA 4^tmt tte M*- 

Mh«r unrcs Oat tte amUM g r*m m n M*» Santae Pirtua O 

«• «»• n It MWipi W |mA« UN «G«U«« Mtamtam «f ib« Mil. 

ter ia « tM OOttia* iPC WUi BM Mt CMd* 

■■ftsr ^ vr«fl4ai wHk ihiMit «^ tM cvtalA* Mril «• iMlto^ 

iwyctU^vA/f «• •^'M ttkTMd* on »h« iWt cbA %bc MhaoUm. B» ^ 

mW nil Mil mJrM^ •«* « •4Mn« artSXivft 0t«>r^ •» 1ta«»a», 
toi»itimi« IMAa «4 ^rtmw 4» vlteh •» ««% Miter 99 U mcma 

^vMtly m ttM Mian Ift vbn itm fteri i* Mfoina nlsUvt UdM 

a* >tllJ»HTl- Jft 1a 1» tte dirft V fyllBM ^9 M tttt It CM tilU 

ladtaHMdlj. M It Sj m to lotato «» tte d»fb. TIMaiy atiMteft 
to ite lOT ««9 or tte Urtite U a tAetlRi wMr, imIi m te> MMap 

— g>g»^ -i**. ^ imUm mil of UM MC^i to vccW tha thUAtU *i^2»*t 

Mijirti 96il*ttoMMttettf1bo iMTt ttowrta iM. ittfA^ 
hnft ttuMli, m4 MM «r ^» ^ Mate tfb U tu^ftly pt*tM> mm 

or Hn*^ vitt tM piMimUo waat t* S» tMj - 

tfMldor «oii%tr >8 to tMoo vgrnH oUtfAly -d o «M>MM1m 20«« »• «»rtM 
,^,«rair W -l-^ *• »~ 0Mi»U, CO» •rtloBMtory 

ftLff omxtUl Miwi w Ml* 'I'* •«* UlfMd^/lSCk 

tMAa M « t%«rt ««vradMMS9 l.T-lJufc ««t«lio dlMMtt nA a«« Mft 
tMM« thNidVi*«k • » rtwMMt •jpmlHUKr 

luldo 4iiM«ter. 



J - 
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mi—t 1^ 1» »114*^ fMittOMi V* «ten ifi to trmmM ite /sm cf tic 

lo^MiMLir A^iast Us «** a*- 

taMt^ fteto a«i»w ^6 «Mto«%t the tM t» Km4 

^wAly «k* iMfi by iMMlMlaftl -i iwi M 9f Mv MmOter IB • 
MMii iitftmUia MOT slMMt J9- awt» W ir^ r'^'UM 

1» MBk or Cte ftam ■ 

20 MM of W« |B^«- «!• iMrte*. M* HOM w ^ o^'ta 

o«mcw» mui Uw ilMto •e u« com «^ uand. A aowr 46 ta 

^SiSOM M WBOlrtt fCnl^ »»• ■tehW«*» «• |WlA«* 

A MMt cor llil%Uc 4«nMU«i oT com It r^uirtd. 
kX^m^ tte oolM ftlMi fv«tfl Ui • MlM MHUtMa, tppiU^i*^ of 
^o^ilTT Kiivn*U«« l«« tfcwrto '•wOA Ml fUiiirft er n|rtan of 4te 
volvvi*- * of ^9 »f5« «• ^» porj^. 

M rfKMB, u» step* m rtiiily mbmcM m t*« Wim i" 

D slide loafitiiAimUr ^muw. 9m m4o *r ^ ■"'^ ifltB*, «r 

fr«*« » %l- « •*» ^vriJ^ Xflwr ■iMVf 

^•rwMliM of ^ •liMrt mji» «l^n*tl-f» i 

sag MMCft to ^ oelMi UMot aim ^ «|>loT.a* »tr 
rlnB. ooootoA m «M 4-f W «n wmt M iBNnl«oA -iKb 

•mli^l^ O0«*««it •^►l-JII-l Mr »1. I«90X to U«It 1«»«IU41-1 

•ad/or laur^ unoettM «r aolnm. 
30 n« eolw of tOma clfHl«t *3 —or »■ WTinc»a noan& tat 

eon il^ oo tteo tai* * 0* ii« hBdy of tto «Hlas 
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riCUd tlomtj t^umx m atarm, or Mi VUwA Mvwd mm, Ttth pep— 

oouWiiMUjeB. Itor oHqA*, IM UMtttmw r«U« or tte coins w7 ^ 

tto ntow iA^«6 to 11» wrmtar^ tf Utf taian Mtm^ W 



10 ». liiwjAf w«nee, Wrriiiw •o^w, itm aietol kJlAT* «M ottn Mlw 

vUtal ooilnwi M* «r W >v»w»d«v e re— — bU d^, -ii* «m cUtk V«1nc 
(PMtw ibM 1W ifcirtMii. wt Arvm^ m tteh «m Mid«r xm* of ta^ uiiw* 
U «asiMa «a Uft AlMtA of U« auctu Ttam, vlttt nrticiAt mi^cmUm 
L0KUac» tlw ool^ ta^, «al tend Ite kI^ Mnrutf Oo 1«M« 

\r 10.62&>lndM long^ »vU t£* •■O* TCTP*»««r ««• f«tarlo»trt tr*« l.X.fl'»Z 
*5ko B^Mi, vMwM «t 575*f - »^ «olWB m f«w-* ia roq^rt » 

a» ctl1do»X ovwcoMlcD loo<i>t Of ^SO »eaDd» U o«d«r t« bookie 1l» 

. A£t«, «iittklUi» tto MliMAj VMM f«Bl to lMi«t ft WfT fl«« ctenctoii- 
tto. oo to »l«««^'d»«lBPo*-«»«rt*4«^ "^"^^ 
0 ■■xiimU tb. BBft a»nMr«l«« irtAA «« '^^^ " ^ wA**^ «ibow 

«r thU o^^ BbftnMwlvOc cm >■ dMorltoa ^ own tt'AIO. teioallr, 
tMi eorw It ^li«ortMi ^|• tilX «wt W ftrtctloa In U« ^•e*», R»tj*« A ■»« • 
Tosmot ^0*1 Uartio, i<Uofc. «»o™. ^ oee«f*la« to 

•ryltootlM fo/ «tdcih tb* opriiiK i* d«iilpoa. W mt^im, o Urit 

B^bM* or ftalM ayv)** ^ »tl«Vvfttod, • wildtts »tMM >h« bolev l»o 
30 ,lollprtnb«»ybo«.€4, WMU«lthOfioM«ii*«raf fU-B^ 

ot«M» *« to !«. «*■ «b« »»mo»e» W»lt of tb» ••Urt" fl* •flMtwe- 
Moa. I» 4te oteM-MUoaiA *«*to» tbo um«> utfioo.tl«a ^ iuAt«A U 
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Zft Matter MAt ft vprltat ««<no» vm taUtr •» «^»l«orla« 80 



with tbr O IB «» porftK-. lk» V»l i« tha Aaalivl 

83 iMl, Ite tiMaf la .a***!"*- »» frl«U» ■itfw W f^mm* 

vail aff U* MMa^'nt w*— *1 **m rmMas* W»» Mrfwrml 

r W WLba avrlsf aX^w.* 3T ftw ft «««da«Maart artHMl 

r A. «« !«• tiwMai Mrfta* i« ^ 

- tto aiaft tt t» «^ ^ *«naa aotaftatly a ii^a t iii hunr 

ooft»w« TMporVlooai ihi crllioal «w9Mllfl« 1«* of »• •»rtaf 

,1m, rti •tfMVMsUr. tM <WiftUg tool la |M«a ttarm^ UaM tc 
It la ^ CM1B« lA Ite pMMar aaaoiM teraiahafora. 
30 tkt frira»i1iw ♦•«««*T*lo» of 4 pmf OT ai iriiiATnif ^ Of 1b»b»»W* 

fti«m«as«a ia tt» «MoUa o« ««to»ttaft win ■wwt't to 
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